circular rnas (circrnas) comprise a novel class of widespread non-coding rnas that may regulate gene expression in eukaryotes. However, the characterization and function of circrnas remain elusive in human cancer, including oral squamous cell carcinoma (oScc). in this study, the expression level of circPVT1 in oScc was detected and define its functional role in initiation and progression of OSCC. It was identified that circPVT1 was upregulated in oScc cells and specimens. Knockdown of circPVT1 suppressed cell proliferation as evidenced by cell counting kit-8 assay and elevated Ki-67 expression. Mechanistically, it was demonstrated that circPVT1 possessed two targeting sites of microrna (mirna/mir)-125b and could effectively sponge mir-125b to release its downstream mrna targets. Subsequently, the downstream target signal transducer and activator of transcription 3 (STAT3) was verified as a direct target of mir-125b and STaT3 expression was regulated by the circPVT1/mir-125b axis. circPVT1 functioned as competing endogenous rna (cerna) to increase the STaT3 level and cell proliferation through sponging mir-125b. in conclusion, circPVT1 regulates cell proliferation and may serve as a promising therapeutic target for oScc patients. Therefore, silencing of circPVT1 could be a future direction to develop a novel treatment strategy.
Introduction
oral squamous cell carcinoma (oScc) is one of the most aggressive neoplasms among head and neck malignant tumors (1) . Smoking and alcohol consumption are the main environmental factors affecting the development of oScc (2) . each year ~540,000 novel cases are diagnosed and mortality rates have not been lowered significantly in recent years. although several advances have been obtained in its treatment, the prognosis of oScc remains poor, with a 5-year survival ratio of nearly 50% (3) . Better understanding of the genetic and molecular disorders of the disease is the key to early diagnosis, appropriate treatment and improved prognosis of patients with oScc. circular rnas (circrnas) are another class of non-coding rnas that are widely expressed in mammals besides micrornas and long non-coding (lnc) rnas (4, 5) . They are formed by exon skipping or back-splicing events with neither 5' to 3' polarity nor a polyadenylated tail. nowadays, circrnas have been extensively identified among a variety of transcriptomes. Previously, they were mostly misinterpreted as splicing errors. only in recent years, circrnas were rediscovered from rna sequencing (rna-seq) data and demonstrated to be widespread and diverse in eukaryotic cells (6, 7) . This discovery has permanently altered perspectives toward cancer, especially in carcinogenesis and cancer progression (8, 9) . However, the current understanding of the molecular characteristics and functional role of circrnas in carcinogenesis remains limited. circPVT1, alternatively named hsa_circ_0001821, is derived from exon 3 within the oncogene PVT1 locus, which is located on chr8:128902834-128903244, a cancer susceptibility locus (10) . Previously, PVT1 has been reported as an oncogene during tumor growth and metastasis (11) , however, the expression and functional role of circPVT1 are not well known, including in oScc. Previously, chen et al (12) demonstrated that circPVT1 is a proliferative factor in gastric cancer by serving as a competing endogenous (ce)rna. More recently, circPVT1 was identified to be upregulated in head and neck squamous carcinoma and mediated by the mutant p53/YaP/Tead transcription-competent complex (13) . Therefore, the role of circPVT1 in oScc progression may be important.
in this study, it was hypothesized that circPVT1 is upregulated in oScc and promotes cell proliferation by acting as a cerna. To test this hypothesis, circPVT1 levels were measured in oScc cell lines. in addition, the oncogenic role of circPVT1 was also verified by performing several gain-or loss-functional assays.
Materials and methods
Clinical tissue samples. The present study included 50 patients with oScc who underwent partial or total surgical resection at the department of otorhinolaryngology Head and neck Surgery of the china-Japan Friendship Hospital between January 2015 and June 2017. The patients were enrolled between the ages of 28 and 79 years old and the median age at the time of diagnosis was 53 years. The male to female ratio was 37:13. Tissues were obtained from the tongue (21 cases), gingiva (12 cases), bucca (9 cases) and floor of the mouth (8 cases). Primary cancer tissues and adjacent non-tumor tissues (>2 cm distal from cancer area to avoid the encroachment of cancer cells) were collected. no patients received radiotherapy prior to the surgical resection. The obtained tissue samples were immediately snap-frozen in liquid nitrogen upon resection and then stored at -80˚C until use. The present study was approved by the Research Scientific ethics committee of the china-Japan Friendship Hospital. all participants signed informed consent prior to using the tissues for scientific research.
Cell culture. a total of two oScc cell lines (Scc-9 and cal-27) were purchased from the chinese academy of Sciences (Shanghai, china) and normal oral epithelial keratinocytes (HoK) from Sciencell research laboratories (San diego, ca, uSa). The source of the oScc cell lines was derived from tongue cancer and has been authenticated in oral cancer research (14) . cal-27 and Scc-9 cells were cultured in dulbecco's modified eagle's medium: nutrient Mixture F-12 (dMeM/F12, Gibco; Thermo Fisher Scientific, Inc.) with 10% fetal bovine serum (FBS; interpath Services Pty, ltd.). HoK was cultured in dMeM supplemented with 10% FBS and penicillin-streptomycin (100 unit/ml-100 µg/ml). The culture condition is 37˚C with a 5% CO 2 containing air.
Vector construction and cell transfection. The specific silencing rnas against circPVT1 small interfering (si)-circPVT1, si-signal transducer and activator of transcription 3 (si-STaT3) or negative control and mirna mimics (mir-125b and negative control) were purchased from Sangon Biotech co., ltd., (Shanghai, china). The full sequences of circPVT1 and negative control sequences were amplified and synthesized in plasmids between two frames. in total, 5x10 5 cells were cultured in each well of a six-well plate and were transfected with above-mentioned vectors using lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. The nucleic acids were transfected at a concentration of 100 nM. cells were harvested following 48 h for validation and subsequent functional analysis. The sequences of the oligonucleotides are presented in Table i .
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)
. rna extraction from cell fraction and tissue samples was performed using a Trizol regent (Invitrogen; Thermo Fisher Scientific, Inc.). RT and qPcr kits were used to evaluate the expression of target rnas. The 20 µl rT reactions were performed using a PrimeScript ® rT reagent kit (Takara Bio, inc.) and incubated for 30 min at 37˚C, 5 sec at 85˚C. For assaying circRNAs, mRNAs and mirnas expression levels, the rT-qPcr analyses were performed using SYBr Premix ex Taq™ kit (Takara) and a SteponePlus real-Time Pcr System (applied Biosystems; Thermo Fisher Scientific, inc.). The values of 2 -ΔΔcq relative to one of the samples was calculated to analyze relative expression levels of the genes (15) . GaPdH and u6 were used to normalize the relative expression levels of circrnas and mirnas, respectively. The relative expression level of different genes was calculated using the ΔΔcq method. The primer sequences were presented in Table i .
Cell Counting kit-8 (CCK-8) assay. The proliferation of transfected cells was detected by ccK-8 (dojindo Molecular Technologies, inc.). a total of ~2x10 3 oScc cells were seeded in 96-well plates in triplicate. ccK-8 solution (10 µl) was added into each well and incubated at 37˚C for 2.5 h. The optical density value at 450 nm was measured using the SpectraMax M5 microplate reader (Molecular devices, llc).
Cell cycle assay. a total of >1x10 4 transfected cells were harvested and fixed with 75% ethanol at 4˚C for 24 h. The fixed cells were washed with cold PBS twice and mixed with propidium iodide (Pi; cat. no. 550825; Bd Biosciences) for 20 min at room temperature. Cell cycle analysis was performed by flow cytometry analysis using a Bd FacScalibur (Bd Biosciences) flow cytometer and the data were analyzed using the ModFit LT software (version 4.1; Verity Software House, inc.).
Bioinformatics analysis.
The putative binding sites of mir-125b in the circPVT1 sequence were predicted using mirBase (http://www.mirbase.org/) and TargetScan (http://www.targetscan.org).
Nucleocytoplasmic separation. The PariS™ kit (ambion; Thermo Fisher Scientific, Inc.) was used for the nucleic-cytoplasmic separation experiment. Briefly, 5x10 6 cells were resuspended in 0.6 ml resuspension buffer for 15 min's incubation at room temperature, followed by homogenization. The pellet consisted the nuclear fraction following a 1x10 5 x g centrifugation at 4˚C for 10 min. circPVT1 expression was determined by qPcr with GaPdH as cytoplasmic control and u1 as nuclear control.
Fluorescence in situ hybridization (FISH) analysis.
cy3-labeled circPVT1 probes were obtained from Guangzhou riboBio co., ltd. Hybridizations were carried out using a FiSH kit (Guangzhou riboBio co., ltd.) according to the manufacturer's protocol. All fluorescence images were captured using nikon a1Si laser Scanning confocal Microscope (nikon corporation).
Immunof luorescence. cell were permeabilized with 0.3% Triton X-100 (Beyotime institute of Biotechnology) at room temperature for 15 min after being fixed with 4% paraformaldehyde for 30 min at room temperature. cells were blocked using 5% goat serum (Beyotime institute of Biotechnology) for 30 min at room temperature, and then were incubated with an anti-Ki67 antibody (1:100; cat. no. ab15580; Abcam) overnight at 4˚C. The slides were then incubated with an anti-rabbit alexa Fluor 488-labeled secondary antibody (1:500; cat. no. 016-540-084; Jackson immunoresearch laboratories, inc.) for 1 h at room temperature. daPi was used for nuclear counterstaining at 4˚C for 10 min. The samples were observed under a fluorescence microscope (IX73; Olympus Corporation; magnification, x20).
RNA immunoprecipitation (RIP). The riP assay was performed using the Magna riP™ rna-Binding Protein Immunoprecipitation kit (EMD Millipore). Briefly, the cells were harvested and resuspended in the nP-40 lysis buffer (1 mM; Beyotime institute of Biotechnology) for 5 min at room temperature following 48 h of transfection. a total of 10 µl of the cell lysates were sampled for input and the remaining lysates were incubated with anti-STaT3 antibody (1:100; cat. no. ab119352; abcam) or negative control immunoglobulin G (1:100; cat. no. 12-370; EMD Millipore) at 4˚C overnight. next, the beads were washed with wash buffer and the rnas captured by beads were extracted using the rneasy Mini kit (Qiagen, inc.). Finally, rT-qPcr was performed to detect the enrichment and analyze. The magnetic bead bound complexes were immobilized with a magnet and unbound materials were washed off. Then, rnas were extracted and analyzed by qPcr.
Luciferase reporter assay. oScc cells were seeded in 24-well plates at a density of 5x10 3 cells per well and maintained for 24 h. a total of 250 ng Firefly Luciferase (FL) reporter, 500 ng Renilla luciferase reporter vectors and mir-125b mimics/nc mimics were co-transfected into the cells, and the cells were harvested in 48 h. The luciferase activity was measured with a dual luciferase reporter assay detection kit (Promega corporation) on an omega device (Omega Bio-Tek, Inc.). The Firefly luciferase activity was normalized to Renilla luciferase activity.
Western blotting and antibodies. The total proteins were extracted using riPa buffer (Sigma-aldrich; Merck KGaa), and their concentrations were detected using Total Protein extraction kit (Beijing Solarbio Science & Technology co., ltd.). cell lysates (25 µg protein in each well) were separated by 10% SdS-PaGe and transferred to nitrocellulose membranes (Ge Healthcare). Then, 5% concentration non-fat milk in TBST buffer (containing 0.1% Tween-20) was used for the blockage of membranes containing protein for 2 h at room temperature. The antibodies used included primary antibodies anti-STaT3 (1:1,000; abcam; cat. no. ab65222), anti-GaPdH (1:1,000; cat. no. 5174; cell Signaling Technology, inc.), which were incubated with membranes at 4˚C overnight; horseradish peroxidase-conjugated secondary goat anti-mouse (1:5,000; cat. no. Sa00001-1) or goat anti-rabbit (1:5,000; cat. no. Sa00001-2; both ProteinTech Group, inc.) antibodies (2 h at room temperature). The relative grey values of immunoreactive bands were calculated based on GaPdH.
Statistical analysis. all experiments were performed in triplicate. data are presented as the mean ± standard error of the mean and analyzed using GraphPad Prism 6.0 (GraphPad Software, inc.). Parametric pared t-test was performed to compare the difference between oScc tissues and paired normal tissues. a chi-squared test was used to analyze the correlation between clinicopathological features of oScc patients and circPVT1 expression. one-way anoVa was performed to evaluate difference among multiple groups. Fisher's Least Significant Difference test was used as post-hoc test. receiver operation characteristic (roc) analysis was 
Results

CircPTV1 is upregulated in OSCC.
To determine the potential role of circPVT1 in oScc, its expression level was measured in oScc by rT-qPcr. as presented in Fig. 1a , circPVT1 was significantly upregulated in two OSCC cell lines, CAL-27 and Scc-9, when compared to the normal oral epithelial keratinocytes, HoK cells (P<0.01). in addition, circPVT1 level was also significantly increased in 50 OSCC tissues compared with precancerous tissues (P<0.05; Fig. 1B ). Following validation of circPVT1 upregulation in oScc patients, the diagnostic role of circPVT1 was investigated by establishing roc curves using the 50 paired oScc tissues (Fig. 1c) . The area under the curve of the roc curve was 0.787 and the detective sensitivity, and specificity were 68.6 and 86.0% respectively. analysis of association between circPVT1 expression and clinical pathological factors of revealed that circPVT1 expression was positively correlated with tumor size and tumor node and metastasis, but not with other factors, including sex, age and histological grade (Table ii) . This indicates a potential prognostic significance of circPVT1 for OSCC patients.
Knockdown of circPVT1 inhibits cell proliferation in OSCC.
For the upregulated expression levels of circPVT1 in oScc cells, the present study hypothesized that circPVT1 may serve an oncogenic role in biological processes of oScc. To verify the hypothesis, specific sirnas targeting circPVT1 were constructed ( Fig. 2a ) to silence its expression in cell lines cal-27 and Scc-9 cells and perform several experiments. as si-circPVT1 (1) demonstrated a better silencing efficiency, it was selected for the following experimental assays (Fig. 2B) . cell proliferation was determined by performing a ccK-8 assay and the results demonstrated that silencing of circPVT1 suppressed oScc cell growth in contrast to the negative controls (Fig. 2C ). Immunofluorescence analysis using Ki-67 antibody demonstrated that silencing circPVT1 decreased Ki-67 expression level in (Fig. 2d ), which is a well-known proliferative protein marker. Meanwhile, the cell cycle assay indicated that knockdown of circPVT1 induced cell cycle arrest at the G 2 /M phase in cal-27 and Scc-9 cells compared with controls. Therefore, the results of the present study indicate circPVT1 promoted proliferation of oScc cells.
CircPVT1 serves as a ceRNA via sponging miR-125b in OSCC.
To test whether circPVT1 functions as a cerna in oScc, the subcellular location of circPVT1 in oScc cells was first determined. A nucleocytoplasmic separation assay demonstrated that circPVT1 may be distributed mainly in the cell cytoplasm (Fig. 3A) . The FISH assay with specific probe verified circPVT1 was located in the cytoplasm (Fig. 3B ). Subsequently, whether circPVT1 influenced the biofunctions of oScc cells was investigated through sponging of mirnas. As expected, miR-125b was verified as a potential sponged mirna with two targeting sites within circPVT1 according to mirBase and TargetScan (Fig. 3c ). using two oScc cell lines, it was identified that knockdown of circPVT1 significantly promoted miR-125b expression (P<0.01; Fig. 3d ). Then, a luciferase reporter assay was performed by generating mir-125b mimics (Fig. 3e ). as expected, the results demonstrated that miR-125b mimics significantly silenced the luciferase activity of circPVT1 ( Fig. 3F ) but exhibited no effect on mutant controls. Taken together, the sponging of mir-125b by circPVT1 in OSCC cells was verified.
CircPVT1 affects the STAT3 expression level through sponging miR-125b. Previously, it was reported that STaT3 was directly targeted by mir-125b (16, 17) . Furthermore, STaT3 is known to serve a key role in a number of cellular processes including cell growth (18) . Therefore, whether STaT3 is essential for the oScc proliferation change mediated by the circPVT1/mir-125b pathway was investigated. using bioinformatics analysis, STaT3 was predicted to be targeted by mir-125b (Fig. 4a ). mir-125b mimics suppressed STaT3 expression level in oScc cells (Fig. 4B) . Meanwhile, knockdown of circPVT1 decreased STaT3 levels (Fig. 4c) . riP experiment revealed that mir-125b was pulled down by STaT3 antibody. Furthermore, the enrichment between mir-125b and STaT3 was increased when circPVT1 was silenced in cal-27 cells (Fig. 4d) . These indicate that circPVT1 released STaT3 by binding to mir-125b in oScc.
CircPVT1 promotes cell proliferation via sponging miR-125b
and releasing STAT3. Full-length cdna of circPVT1 from cal-27 cells was generated and loaded into the plasmid vectors (Fig. 5a ). The upregulation of circPVT1 in oScc cells was also confirmed following transfection of the vector by qPcr (Fig. 5B ). in addition, STaT3 was silenced by transfection of specific siRNA (Fig. 5c ). next, the ccK-8 assay demonstrated that circPVT1 promoted the cell growth of oScc cells, however, the enhanced cell growth was partially reversed by knockdown of STaT3 or overexpression of mir-125b ( Fig. 5d ). Furthermore, immunofluorescence demonstrated an elevated expression of Ki-67 by overexpression of circPVT1 and this elevation was reversed by co-expression of mir-125b or si-STaT3 (Fig. 5e ). To conclude, circPVT1 may promote cell growth by sponging mir-125b and therefore increasing STaT3 expression.
Discussion
numerous studies have been performed to get a thorough understanding of biological characteristics and functional roles of noncoding rnas in cancer progression; however, their specific roles are still largely unknown in cancer, including oScc (19, 20) . More recently, circrna have been increasingly recognized as oncogenes or tumor-suppressor genes in different types of cancers, including gastric cancer (21), breast cancer (22) and colorectal cancer (23) . However, the role of circrnas in oScc is largely unknown. in this study, the expression and function of circPVT1 in oScc was investigated. The results of the present study demonstrated that increased expression of circPVT1 in oScc could enhance cell proliferation via sponging mir-125b and upregulating the STaT3 expression level. during the past years, mirnas and lncrnas have been investigated to be used as potential diagnostic predictors or therapeutic targets (24, 25) . However, the outcome is not satisfactory and the translational studies have grown stagnant. in the present study, the novel findings of circrnas open up a new area. as non-classical products of transcription, circrnas are thought to be synthesized co-transcriptionally in the nucleus and are modified in the cytoplasm (26) . CircRNAs can selectively bind to target miRNAs in a sequence specific manner to form the circrna-mirna complexes that block the functions of mirnas (27) . unlike known unidimensional lncrnas, circrnas in general are produced from pre-mrnas back-spicing events, which covalently linked the 3' and 5' ends of exons or introns together and formed single-stranded continuous loop structures with neither a 5' cap nor a 3' polyadenylated tail. compared to linear rnas, circrnas are much more resistant to rnase r and more stable probably due to the absence of 5' and 3' ends (28, 29) . importantly, it was identified that one circRNA named circPVT1 was upregulated in oScc tissues and cells, which indicates that circPVT1 has the potential to serve as useful biological marker and may be critical in oScc progression. Several studies have demonstrated that the expression profiles of circRNAs are aberrant in diverse cancer types and certain ones serve very important roles in oncogenesis and cancer development, including as circPVT1 (13, 30, 31) . The specific role of circPVT1 in OSCC is still unknown. In this study, it was identified that circPVT1 was downregulated in oScc compared to noncancerous tissues and predominantly localized in the cytoplasm. importantly, circPVT1 could directly sponge mir-125b to release STaT3 and subsequently promotes proliferation of oScc by upregulating STaT3 expression. Therefore, the aforementioned studies suggest that circPVT1 serves quite important roles in neoplasia and cancer development. in addition, it was reported that G 2 /M arrest was involved in cellular dormancy. Therefore, the role of circPVT1 in dormancy still needs to be further investigated.
it was demonstrated that circPVT1 was enriched in the cytoplasm section and revealed that it acts as a mirna sponge in oScc to exert the regulatory function. an increasing amount of evidence suggests that mirnas are abnormally expressed in diverse human cancer and have important roles in the tumorigenesis, progression and metastasis of these cancers (32) . The first well-known circRNA serving as miRNA sponge is cirS-7. expression of cirS-7 efficiently tethers mir-7, resulting in reduced mir-7 activity and increased levels of mir-7-targeted transcripts (33) . after validating the direct interaction between circPVT1 and mir-125b, STaT3 mrna was verified as a downstream target of miR-125b. STAT3 is a central regulator of numerous cellular processes, particularly cell proliferation (34, 35) . The oncogenic property of STaT3 has been observed in multiple types of cancer due to its effect on promoting proliferation progression. However, positive and negative associations between STaT3 activation and patient survival or tumor progression have been reported (36-38). Therefore, the role of STaT3 in tumorigenesis seems complex and requires a careful and repeated validation. The current study suggested that STaT3 promoted cell growth and was affected by the circPVT1/mir-125b axis. Furthermore, STaT3 and mir-125b are essential for the circPVT1-induced cell proliferation, indicating the oncogenic role of STaT3.
The present study has limitations. First, the investigation of the prognostic significance of circPVT1 expression in OSCC patient survival is needed. a follow-up study will be conducted with the auhors' subsequent research work. Second, although the in vitro experimental study was repeated using two oScc cell lines, the functional role of circPVT1 in oScc needs a further validation with other oScc cell lines. in the future, the functional role of circPVT1 in oScc cell proliferation will be comprehensively validated.
In conclusion, the present study's findings revealed that overexpression of circPVT1 promoted cell proliferation via serving as a sponge for mir-125b. Therefore, circPVT1 may be a promising predictive biomarker and therapeutic target for oScc patients.
